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Summary 
The relationship between the latency of visual evoked potential (VEP) and the anesthetic concen-
tration was investigated in surgical patients in order to examine the applicability ofVEP in monitor-
ing of the depth of anesthesia. The VEP was recorded with a standard EEG electrode from the 
midline parietal region in reference to both earlobes linked to the ground. An array of light-emitt-
ing-diodes mounted in opaque goggles was used to stimulate both eyes simultaneously and photic 
stimuli were delivered at random inter-pulse intervals with uniform distribution ranging from 2 to 5 
seconds. Fifty trials of data were averaged to estimate that Pmax latency, i.e., the latent period from 
the photic stimulus to the maximum positive peak arising after 170 msec. 
Increases in the Pmax latency following the administration of anesthetics and restorations to 
preanesthetic values after recovery from anesthesia were found. A significant correlation was 
demonstrated between the Pmax latency and the inspiratory concentration of enflurane. The laten-
cy of the Pmax showed a drastic and a sensitive prolongation from about 200 msec in the awake state 
up to about 600 msec at the stage where the EEG exhibits large-voltage slow waves. Thus the 
measurement of the Pmax latency of VEPs was found to be useful for monitoring the depth of 
anesthesia. 
Introduction 
Recent developments in clinical neurophysiology and in EEG evaluation techniques have enabl-
ed EEG monitoring of cerebral functions in anesthesia under various conditions (DRIPPS et al., 1972; 
TAKESHITA and SttIMOJI, 1974; PICHLMAYR et al., 1984)4・13・15l. Correlations between changes in 
EEG and the depth of anesthesia have been investigated for various forms of anesthesia, surgery, and 
physiological conditions, so that continuous EEG recording during anesthesia is now regarded as a 
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routine procedure. 
Recent advances in computerized techniques stimulated the application of sensory evoked paten-
tials monitoring in anesthesia (NuwER, 1986)11). Effects ofpreanesthetic medication and anesthetics 
on the v山 aleveked potential (VEP) were considered by DOMINO (1967) with the view of clinical ap-
plication'1 UHL et al. (1980) inYestigated the effect ofhalothane anesthesia on VEP and observed an 
increase in the latency of the positive peak P 1 (or P 100) arising about 100 msec after the stimulus16) 
The Pl increased in latency from an average of 113.2 msec in the awake state to 133.9 msec at 1.13% 
end-tidal halothane concentration. CHI and FIELD (1986) observed an increase in the latency of Pl 
but a significant decrease in its amplitude in case of isoflurane anesthesia, whereas an increase of 
amplitude in the VEP during enflurane anesthesia was noticed by BuRCHIEL et al. (1975)1・2l. In 
these investigations different anesthetics caused di仔erentchanges in VEP amplitudes but an increase 
in the latency was a common feature for almost al anesthetic drugs. 
Effects of various forms of anesthesia on early components of evoked potentials such as the 
somatosensory evoked potential (SSEP) and the brainstem auditory evoked potential (BAEP) have 
also been investigated from several aspects. McPHERSON et al. (1985) observed that isoflurane 
signi自cantlydecreases the amplitude and increases the latency of SSEP’s components with latency 
shorter than 80 msec7). The same tendency was observed by PETERSON et al. (1986) for SSEPs with 
latency shorter than 40 msec for halothane, enflurane and isoflurane12l. They therefore concluded 
that the changes in SSEPs are ・not useful for monitoring. MANNINEN et al. (1985) found that 
isoflurane significantly increases the latency of peaks III, IV, and V fo BAEP but causes no consistent 
change in the amplitude6l. 
In addition to such variabilities in EP amplitudes, various types of artefacts may obscure true 
changes in EP due to anesthesia and cause some confusion in understanding the observed results. 
Therefore, further investigations are needed in order to utilize a relation between the VEP and the 
anesthetic concentration for monitoring of the depth of anesthesia. 
In this paper, in contrast to previous observation concerning BSEPs or early components of 
SSEPs, and VEPs, we focus our attention to the VEP long latency components. In particular we ex-
amined the 】influenceof anesthesia upon the latency of the maximum positive peak in VEPs (the 
Pmax latency) that appears about 170 msec after the stimulus which iswell beyond the average Iaten-
cy of the maximum positive peak for unanesthetized normal subjects. A significant correlation was 
found between the anesthetic concentration and the prolongation of the Pmax latency. Thus a 
method based on estimating Pmax latency can be applied in monitoring of anesthesia. A special ran-
dom pulse generator was used to trigger random photic stimuli in order to minimize the effects of 
background activity (NoGAWA et al., 1973, 1976)9,IO). 
Method 
Recording and averaging of eveoked potentials was performed with a Cadwell CA-5200 type m-
strument (Cadwell Laboratories, Inc., Washington USA）・VEPswere recorded by means of a stan-
dard electrode at Pz with the reference electrode attached to linked pinnae. The photic stimulus wa s 
given to both eyes by an array of light-emitting目diodes(LED) mounted in opaque goggles ( 10LEDs 
W凶 65m叫cand白町handn帥 du削 onof 5 m促c). Stim 
inter-stimulus intervals had a uniform distribution in the range from 2 to 5 seconds. The maximal 
sample size averaged was 50 trials per measurement. By means of the Cadwell CA-5200 computer, 
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Fig. 1. Histogram of the Pmax latencies for unanesthetized normal su句ects. Mean 203.2 msec, standard deviation 
17.6 msec. 
Results were obtained from 140 subjects 
the desired latency time was given in digital form. 
In a preliminary control series of measurements, we observed the Pmax latency of the potential 
evoked by the LED stimulus on 140 unanesthetized normal subjects. As is shown in a histogram of 
Fig. 1,the observed Pmax latencies are distributed around the central value 203.2 msec with stan-
dard deviation士17.6 msec; the range within one standard deviation (lSD) is 185.5-220.9 msec (106 
examples out of 140 sugbjects; 75.7%) and within 2SD is 167.8-238.6 msec (132 out of 140; 
94.3%). Therefore, we regard the Pmax latencies in the range 190-230 msec as‘normal’，those in 
the range 170-190 msec or 230-250 msec as‘borderlinピ，andthose in the range below 170 msec or 
above 250 msec as‘abnormal’ Taking this result into account, we set the computer to measure 
latencies of the maximum positive peaks longer than 170 msec. A reason why we were concerned 
with the maximum peak is that it is more readily detected using a relatively small number of trials 
(less than 50 trials) A large number of trials (for example more than 500 trials) were required to 
find early components of VEPs. 
The anesthetized subjects were patients under surgical operation. Nitrous-oxide with concen-
tration ratio, for example, 02/N20 = 2 l/4 l was used for every case. With or without preadministra-
tion of neuro-lepto-anesthesia (NLA) by means of droperidol, the anesthetics fentanyl, thiamylal, 
enflurane or halothane were applied under a semi-closed inspiratory system. Anesthetic concentra-
tion was changed as desired. 
Results 
Two typical effects of anesthetics on the Pmax latencies are shown in Figs. 2 and 3. The 
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Fig. 2・（a）：・Changesin the Pmax latency under mtraoperative anesthesia. 
Types of anesthetic drugs and changes m 
e of their concentrations are shown at. the side 。ftheobserved Pmax values. Enflurane with nit ous-o ide 
an es 
en~urne. ~5 minutes after 2% enllurane. ④ 40 minutes afl町 2% 叫ura~：ー命 80 minutes after 2% 
enl!urane. (§) 100 minutes after 2% en白山ane. ⑦ 10 minutes after 1% er巾 uane-:-
（⑤10 minutes after 
turn-o百ofenllurane. 
(b): Waveforms and dominant frequencies of ongoing EEG at cor
responding stages. 
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changes in the Pmax latency of YEP along with the data concerning the anesthesia are given in part 
(a) and the EEG records at the different stages of anesthesia are shown in part (b). 
Figure 2 shows a case for enflurane anesthesia. The patient was a 39 year-old male with body-
weight 55 kg operated for Cholecystectomy. The Pmax latency in the preanesthesia period was 266 
Fig. 3. 
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msec. Under 4.0% enflurane concentration together with nitrous-oxide anesthesia (concentration 
ratio 02/N20=2 l/5 l), it increased up to 540 msec. At this stage, the spontaneous EEG showed 
typical high-voltage slow waves with dominant frequencies 2 3 Hz as shown in Fig. 2b. Under 
2.0% enflurane, the Pmax latency showed values in the range 470-503 msec. When enflurane was 
decreased to 1.0%, the Pmax latency was reduced to 254 msec and then to 199 msec after the 
recovery from anesthesia. 
Figure 3 shows a case for halothane with neuro-lepto・anesthesia(NLA). The patient was 56 
year-old male with body-weight 41 kg operated for Cholecystectomy. The Pmax latency was 216 
msec in preanesthesia. With NLA administration of 5 mg droperidol, 100 μg fentanyl and 50 mg 
thiamylal, the nitrousoxide anesthesia was initiated (concentration ratio of 02/N20 = 2 l/4 l). The 
Pmax value was 274 282 msec while 1.0% halothane was used, but 10 minutes after an increase of 
halothane up to 2.0%, a drastic increase in the Pmax latency up to 549 msec was observed. The 
ongoing EEG showed high-voltage slow waves at this stage. After turning-off halothane, the Pmax 
latency was reduced to 291 msec and returned to a preanesthetic level 216 msec, after the recovery 
from anesthesia 
In Fig. 4, the averaged YEP waveforms showing di仔erentPmax latencies under enflurane 
anesthesia are exhibited. They were recorded from a 57 year-old female patient with body-weight 
50 kg operated for Oophorectomy. The VEPs of Fig. 4 show a large positive deflection that peaks at 
212, 25 7, 312, and 395 msec. The prolongation of the latencies can be obser¥'ed to follow the in-
crease in anesthetic concentration. Although we did not pay particular attention to changes in 
amplitude due to the large variability of this measure, we can see in Fig. 4 that the amplitude of the 
600m日 C
Fig. 4. Waveforms ofVEP showing the prolongation of the Pmax latency under enflurane anesthesia The concen-
tration of enflurane was changed from 0.5%' to 2.0%' under nitrous-oxide ane仙 esiawith O〆N20=2l/4 /.
Patient: 57 year-old female, Oophorectomy 
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Pmax appears to increase with an increase in enfiurane concentration. 
Part (b) of Figs. 2 and 3 shows that the dominant frequency of the EEG becomes lower as the 
Pmax latencies increase. This tendency is illustrated in Fig. 5, where the Pmax latency is plotted 
against dominant frequency of the ongoing EEG for different anesthetic stages. Pmax latencies 
shorter than 280 msec correspond in most cases to a dominant frequency in the alpha band. Pmax 
latencies longer than about 500 msec correspond to dominant frequencies which lie roughly in the 
range 3-5 Hz. In these cases EEG traces exhibited high-voltage slow waves as shown in part (b) of 
Figs. 2 and 3. These results indicate that an increase in the depth of anesthesia causes changes in the 
EEG as well as in the VEP namely a drastic prolongation of the Pmax latency. 
In Fig. 6, the Pmax latency is plotted with respect to the concentration of enfiurane. A regres-
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Fig. 5. Dominant frequenceis of ongoing EEG plotted against Pmax latencies. Dominant frequencies decrease ac-
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Fig. 6. Correlation between the Pmax latency of VEP and the concentration of enflurane. The ordinate shows the 
Pmax latency in m町 andthe abscissa l吋 catesthe concentration of enflurane. The solid line shov刊 the










Fig. 7. Typical waveforms ofthe averaged VEP extracted from observed results for 4 su~リectsamong 10 subjected to 
the correlation analysis in Fig. 6. The Pmax later】ciesshow prolongations according to an increase in 
enflurane concentration 
the concentration in percentage and y the Pmax latency in msec. The correlation coe伍cientis 0. 76, 
which demonstrates the existence of a significant correlation (p < 0.05) between the concentration of 
enfturane and the Pmax latency. The data used for the correlation analysis were taken from 10 sub-
jects (2 males and 8 females with ages from 37 to 74). 
In Fig. 7, the averaged VEP waveforms are shown with respect to various values of enfturane 
concentration. The VEP waveforms were extracted from the data used in the correlation analysis of 
Fig. 6. This figure shows how the prolongation of the Pmax latency is related to the enfturane 
anesthesia, although the averaged VEP waveforms were extracted from those of several subjects. 
Discussion 
The latency of the late positive peak of the VEP was abnormally long ( > 250 msec) compared to 
normal unanesthetized subjects in the followi時 cases: i) after administration of 1.0% enftuane for 
more than 20 minutes and i) after administration ofhalothane at a concentration larger than 1.0%. 
In case of administration of droperidol etc. (NLA), the Pmax latency increased about 5 minutes after 
the intra、enousi吋ectionof the drug but this increase was rather slight as compared to the case of in-
halation of enfturane or halothane. In the case of nitrous-oxide anesthesia, the Pm ax latency of VEP 
was only slightly prolonged. Although the anesthetic conditions were different and variable for di-
汀erentcases, it can be said that the Pmax latencies increased in proportion to an increase in concen-
tration of enfturane or halothane if other conditions were kept unchanged. Arterial blood pressure 
and body temperature of each subject were maintained at the preanesthetic level in every case as 
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much as possible. 
These results contrast to those found when early latency EP components are considered. This 
is the case of the evoked responses related to blink reflexs that correspond to early peaks at short laten-
cy. These are determined by activity in the specific sensory areas of the cerebral cortex. SUTTON et 
al. (1973) found that even when the EEG traces become almost isoelectric under a barbiturate (63 
mg/kg), the early components of VEPs with latency 10-20 msec stil celarly remain14l. The 
amplitude of the early components of some types of EPs sometimes decrease as the anesthetic concen-
tration is increased as shown, for example, by PETERSON et al. (1986) for the SSEPs12). These 
findings suggest that the early components cannot be used for monitoring of anesthesia. 
The late latency componentsd of the YEP correspond most likely to the processing of visual infor-
mation in multi-synaptic pathways (NAUTA, 1971; JuNG, 1973; YORK et al., 1981)5・8・17) Such 
pathways are likely a釘ectedby anesthetic drugs. Although it is possible that the prolongation of the 
latency of the YEP components may depend also on a peripheral effect, such an effect, for example, 
causing a delay on early components at the retinal level, can be regarded as small in comparison with 
the effect at cerebral level. Thus the finding of a significant correlation between the concentration of 
enflurane and the prolongation of the Pmax latency indicates a change in cerebral processes induced 
by anesthesia. 
We should note that an averaged evoked potential includes both a true response component and 
uncancelled background activity and other noise components. Therefore it is necessary to remove 
the background activity and noise due to body movements or artefacts (e.g. due to electric scalpel) in 
order to obtain good estimates of evoked responses. In the present investigation, random photic 
stimuli were employed in order to minimize the effects of background activities (NoGAWA et al., 
1973, 1976)9’10 
In conclusion, the prolongation of the Pmax latencies does not appear to depend on the drug 
type used, rather on its concentration, i.e. on the depth of anesthesia, if other conditions were kept 
unchanged. Such a sensitivity implies that the measurement of the post-stimulus latency of YEP 
(the Pmax latency) can be useful for monitoring the depth of anesthesia during operation. 
The authors would like to acknowledge Professor Lopes da Silva of Department of Zoology, 
University of Amsterdam, for useful suggestions and kind inspection of the manuscript. 
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和文抄録
麻酔下視覚誘発電位の最大陽性ピーク潜時の変化
福徳医学会病院
野川徳二，片山魁行
関西医科大学麻酔科教室
奥田平治へ内田盛夫＊
麻酔深度の監視に視覚誘発電位（VEP）が適応可能 麻酔剤の投与にともない最大陽性ピーク潜時の増大
かどうかを吟味するために，外科手術中患者の視覚誘 および麻酔終了後には麻酔以前の値に戻ることが見い
発電位と麻酔深度との関係を研究した．視覚誘発脳波 だされた とくに最大陽性ピーク潜時とエンフルレン
は両耳柔を不関電極とする頭頂部中央より単極誘導で ガス濃度との間に有意な相関があることが示された
記録し，光刺激はゴーグル内に添付した発光ダイオー Pm axの潜時は覚醒状態における約200msecから脳波
ドで両限同時に刺激を与え，光刺激間隔は2-5秒の が高電位徐被を示す段階における約 600msecまで鋭
聞に一様分布するランダムな時間間隔を用いた加算 敏な延長を示した．
法により光刺激時点より最大陽性ピーク潜時（Pmax) 従って，誘発電位の Pmax潜時の測定は麻酔深度の
までの潜時を評価するのに50個のデータを加算平均し 監視に有用であることが分かった．
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